We evaluated GenoType Mycobacteria Direct (GTMD), a novel commercial assay based on nucleic acid sequence-based amplification technology, for the detection of Mycobacterium tuberculosis complex, M. avium, M. intracellulare, M. kansasii, and M. malmoense directly from clinical specimens. A total of 134 respiratory and extrapulmonary samples from 65 patients were processed. Sensitivity, specificity, positive predictive, and negative predictive values for GTMD were 92, 100, 100, and 77%, respectively. The GMTD technique is useful, reliable, and rapid when used during the normal routine of a clinical laboratory.
cording to the manufacturer's instructions (Becton Dickinson, Sparks, MD). Two 500-l aliquots were removed for preparation and processing following the protocols of the molecular techniques evaluated in our study, GenoType Mycobacteria Direct and COBAS AMPLICOR MTB. All isolates grown in different culture media were identified by the GenoType Mycobacterium CM assay (Hain Lifescience GMBH, Nehren, Germany) (11) or by AccuProbe hybridization probes (AccuProbe, GenProbe, Inc., San Diego, CA).
GenoType Mycobacteria Direct. This is a novel commercial assay based on the nucleic acid sequence-based amplification (NASBA) and DNA strip techniques, allowing the 23S rRNA amplification-based detection of MTBC, M. avium, M. intracellulare, M. kansasii, and M. malmoense directly from decontaminated clinical specimens. This assay is divided in three parts and was performed according to the manufacturer's instructions.
The first part consists of the stabilization and RNA isolation of decontaminated specimens using a capture method (magnetic bead capture probe). The process began with cellular rupture: 300 l of inhibitory removing buffer was pipetted into a 2-ml tube containing 500 l of decontaminated specimen. After homogenizing, the mixture was centrifuged for 3 min at 12,000 ϫ g. The supernatant was removed, and the pellet was resuspended with 100 l of RNA capture buffer. The sample was then incubated at 95°C for 30 min, followed by immersion in a preheated 60°C ultrasonic bath for 15 min. Subsequently, 10 l of magnetic beads was added to a mixture of 90 l of internal control and the capture probe and 100 l of the previously obtained cellular lysate in a 0.5-ml tube. After vortexing, a binding reaction was performed in a TwinCubator (Hain Lifescience GMBH, Nehren, Germany) by using a program with two steps of different incubation temperatures. In the first step, the samples were incubated at 65°for 10 min; this was followed by a second incubation step of 17 min at 25°C combined with shaking at a frequency of 1,100 rpm. For washing, the samples were transferred to a magnetic separator. After a dark-colored precipitate formed (approximately 3 min), the supernatant was removed, the magnetic bar of the magnetic separator was withdrawn, and the pellet was resuspended in 200 l of washing buffer. This washing process was performed twice. After the second wash, 20 l of magnetic beads buffer was added to the pellet, resulting in "loaded magnetic beads."
The second part of the procedure comprised an isothermic amplification of RNA by the NASBA method, in which there is a mixture of primers/nucleotides labeled with biotin and a mixture of enzymes: for each reaction, 30 l of primers/nucleotides labeled with biotin was added to a 0.5-ml tube and mixed with 10 l of loaded magnetic beads. The sample was covered with 20 to 30 l of liquid paraffin oil, and the tubes were transferred to the TwinCubator. The process began with a preliminary denaturation step, in which the temperature of the samples was raised to 65°C for 8 min. Subsequently, the samples were cooled to 41°C and the NASBA reaction was started by adding 10 l of the previously reconstituted enzyme mixture. The amplification process then commenced for a period of 60 min.
Finally, in the third part of the process, reverse hybridization of the amplified products was performed using an automated system (Profiblot; Tecan, Maennedorf, Switzerland) (2, 11) . This machine allows the shaking, heating, and dispensing of the reagents required for the hybridization reaction on membrane strips. Once the strips were completely dry, they were pasted on an evaluation sheet and interpreted using a reading card, both provided by the manufacturer.
PCR COBAS AMPLICOR MTB. PCR COBAS AMPLICOR MTB is a qualitative test for the detection of M. tuberculosis complex microorganisms. The test technique was performed following the manufacturer's instructions (3).
A total of 134 samples from 65 patients were processed. Positive mycobacterium cultures were found in 97 samples. The growth of M. tuberculosis complex was detected in 91 samples, whereas the other samples were positive for M. intracellulare (1 sample), M. malmoense (1 sample), M. kansasii (2 samples), and M. avium (2 samples). The GenoType Mycobacteria Direct assay detected a total of 99 positive responses from different types of samples. The GTMD assay detected 87 specimens with a positive culture and 12 specimens with a negative culture. Compared to results from culture, this indicates a sensitivity and specificity of the GenoType Mycobacteria Direct assay of 89 and 67%, respectively. The COBAS AMPLICOR MTB system that amplifies DNA of only M. tuberculosis complex detected 92 positive samples, 11 of which had been negative in mycobacterium cultures. Compared to those from culture, these results indicate a sensitivity and specificity of the COBAS AMPLICOR MTB of 83 and 70%, respectively. These values increased to 89 and 70%, respectively, when samples with only MTBC isolation were considered.
Discrepant results (positive results obtained with GenoType Mycobacteria Direct and COBAS AMPLICOR MTB, but a negative culture) were considered true positive when the patients suspected of having active pulmonary tuberculosis or another type of mycobacteriosis had, after a review of their clinical histories, responded to the antituberculous treatment or exhibited positive mycobacterium cultures in specimens obtained during the study period (1, 8) . In this study, 12 samples from 7 patients with negative cultures were positive by at least one of the amplification techniques for MTBC and 11 were positive by both methods. Five of the seven patients in the discrepant panel had other positive cultures for mycobacteria in the study period as well as clinical signs of disease and responded to antituberculous treatment. The other two patients had clear signs of tuberculosis and responded to the antituberculous treatment. Consequently, these 12 samples were considered true positives, increasing the sensitivity and specificity of the GTMD technique to 92 and 100%, respectively, and that of COBAS AMPLICOR MTB to 91 and 100%, respectively, for the samples of patients with MTBC isolations (Table 1) . Results from the GenoType Mycobacteria Direct assay were negative for eight specimens with positive culture. Positive microscopy was found in only one of these specimens. These samples were taken from seven patients who were not receiving antituberculous treatment when the specimens were taken. The growing time of these samples in liquid medium was between 6 and 25 days, with a median of 14 days. Both amplification assays were made from the same specimen and at the same time. GenoType Mycobacteria Direct detected all six atypical pathogen mycobacterium isolations collected during this study, corresponding to one M. intracellulare, one M. malmoense, and 2 isolations each of M. avium and M. kansasii ( Table 2) .
The new genetic GenoType Mycobacteria Direct assay is based on NASBA technology described for the first time at the beginning of the 1990s by Kievits et al. (10) . Since then, several advances and improvements of this process have been reported (5, 6 ) that have been used in a multitude of assays for the amplification of viral, bacterial, or parasitic RNA. A characteristic of this technology is its capacity for detecting and amplifying RNA. In our study, GTMD detected samples with a count of less than 10 bacilli per 100 fields in the auraminerhodamine staining. This new technique includes a laborious (2) . The visualization of the bands on the strips is more objective and interpretation is quick and easy.
The main difference in favor of the new GenoType Mycobacteria Direct assay is its ability to simultaneously detect five mycobacterium species of clinical interest directly from clinical specimens, thus eliminating the necessity of waiting for the culture results. COBAS AMPLICOR also offers diagnostic assays for the detection of M. avium and M. intracellulare but not for M. kansasii and M. malmoense. Both assays harbor an internal amplification control that allows the detection of the presence of inhibitors in the sample. For the GenoType Mycobacteria Direct assay, the absence of the so-called amplification control band on the membrane strip is indicative of the presence of inhibitors in case none of the species-specific bands is visible. In our study, we detected only two samples with inhibitors for the GenoType Mycobacteria Direct assay, whereas we detected three inhibited samples with the COBAS AMPLICOR. In the first test of this novel assay, conducted with patients who were not treated or who received antituberculous treatment for fewer than 7 days, the sensitivity and specificity were 87.5 and 100%, respectively (M. Weizenegger, personal communication). These results are slightly inferior to ours and were presented at the 25th Annual Congress of the European Society of Mycobacteriology in 2004.
In conclusion, the GenoType Mycobacteria Direct is an easy interpretable assay, which is relatively fast, as results can be obtained within one working day. It is very reliable, as we obtained values for sensitivity and specificity of 92 and 100, respectively, and a positive predictive value (PPV) and a negative predictive value (NPV) of 100 and 77%, respectively. Moreover, GTMD has the advantage of being able to detect various species of mycobacterial pathogens in one assay and from the same clinical sample. 
